INTRODUCTION
Performance based payment incentives are now a routine part of many health economies. 1 In April 2004 the quality and outcomes framework was first introduced as part of the general practitioner contract in the United Kingdom. 2 This scheme offers financial rewards for achieving a series of process outcome measures (what is actually done in giving and receiving care) and intermediate outcome measures (changes in health status that affect subsequent health outcomes) that should improve the quality of patient care. The quality and outcomes framework comprises a range of criteria grouped into four domains: clinical, organisational, patient experience, and additional services. 3 For the period 2006-7 a total of 80 indicators were included in the clinical domain, with a maximum of 655 points achievable from an overall total of 1000 points. Indicators for diabetes account for 93 of these points, the largest single clinical area, and cover 18 separate indicators covering structure (maintaining a register of patients with diabetes), process (measurement), and intermediate outcomes such as blood pressure, cholesterol level, and glycaemic (HbA 1c level) control. Payments are staged, and to be eligible for maximum payment practices are required to achieve a minimum target before they are paid-that is, the lower threshold and a maximum or upper threshold. 4 Maximum thresholds for most clinical process indicators in diabetes are currently set at 90% but are lower for intermediate outcome indicators. Thus the upper threshold for the proportion of people with HbA 1c levels of 7.5% or less is 50%, for a blood pressure reading of 145/ 85 mm Hg or less is 60%, and for a cholesterol level of 5 mmol/l or less is 70%. 4 When a general practitioner (or the patient) judges that treatment to these targets is inappropriate-for example, terminal disease or patient choice-a patient may be "excepted" from the indicator denominator. 3 Within the diabetes domain the median exception reporting rate is 5.4%. 5 Data on people with diabetes are identified for analysis in the quality and outcomes framework using primary care morbidity codes (Read codes). Read codes are a hierarchical coding system used to code clinical data, including signs, symptoms, procedures, investigations, and diagnoses. 6 The current version of Read codes are five characters long, with the first character indicating the disease area and later characters providing more precise detail. 7 When the quality and outcomes framework was first introduced, people with diabetes were identified on the basis of the presence of any diabetes Read code (C10 and any codes below it in the hierarchy). In April 2006 the case definition for diabetes was changed to a narrower set of more specific Read codes; identifying type 1 diabetes mellitus (the C10E hierarchy: C10E0 to C10EP) and identifying type 2 diabetes mellitus (the C10F hierarchy: C10F0 to C10FQ). 8 Studies have shown that prevalence is underestimated if only these specific C10E and C10F Read codes are used, and interpretation of the change in the quality and outcomes framework indicators has proved difficult because of this change in case definition. 8 9 Furthermore, even the use of the less specific C10 Read codes may exclude some people with diabetes from evaluation through the quality and outcomes framework.
Since the introduction of the quality and outcomes framework a series of studies has suggested an improvement in the management of people with diabetes in primary care. [9] [10] [11] [12] Notably, one study suggested "that the introduction of pay for performance was associated with a modest acceleration in improvement" in the management of diabetes. 10 However, this work assessed care at only three time points, one of which followed the introduction of the quality and outcomes framework and was based on relatively small numbers of selected patients and therefore may not be fully representative of care. Other studies have focused on specific regions in the UK and may not be generalisable. 11 12 It therefore remains unclear to what extent the introduction of incentives has impacted on existing temporal trends, reflecting, for example, the national quality improvement strategy. 10 We examined the prevalence of diabetes and the proportion of people meeting targets for diabetes management annually from April 2002 to March 2007 (three years before and three years after the introduction of the quality and outcomes framework). We also assessed the impact of the quality and outcomes framework on clinical outcomes (glycaemic control, cholesterol levels, and blood pressure) in people with type 1 and type 2 diabetes.
METHODS
We obtained data from the doctors' independent network (DIN)-LINK database, which contains anonymised computer records from primary care practices in the UK using iSOFT (previously TOREX) clinical systems including morbidity coding, biochemical test results, prescribing data, and ACORN geodemographic classification (a classification of residential neighbourhoods-a deprivation score). 13 14 The age-sex structure of the DIN-LINK database has been shown to be similar to the UK average, but practices in the south of England and higher socioeconomic groups are over-represented. 15 We In addition, in order to be able to interpret the effect of the change in diagnostic case definition in the quality and outcomes framework which occurred from April 2006, we also identified the first occurrence of Read codes in the C10E (type 1 diabetes mellitus) or C10F (type 2 diabetes mellitus) hierarchies for people during the study period. 8 
Prevalence of diabetes
The prevalence of diabetes was estimated annually on the 31 March from 2002-7. We considered all people with a diagnosis of diabetes who were registered in each practice on each date.
Attainment of targets in quality and outcomes framework
We carried out analyses on attainment of diabetes and smoking outcomes using data between 1 January 2001 and 31 March 2007, as annual targets in the quality and outcomes framework are assessed over a 15 month period (Department of Health business rules). 16 These definitions were adhered to with the following exceptions: for our principal analyses we considered all people with diabetes (rather than only those with clinical Read codes). In the primary analyses we excluded diabetes exception reporting codes (9h4 hierarchy) that did not give the reason for exception. We did, however, include outcome specific exception codes such as contraindication codes and maximal therapy codes. We undertook a series of sensitivity analyses to assess attainment of outcomes in people with recorded Read codes in the C10E and C10F hierarchies and the impact of diabetes exception reporting (9h4 codes) on glycaemic control.
Impact of quality and outcomes framework on glycaemic control We assessed the relation between attainment of glycaemic targets (HbA 1c levels ≤7.5% and ≤10%) and year of assessment, the introduction of the quality and outcomes framework, and evidence of the new diagnostic coding definitions, using mixed models with a logit link and binomial error and a random effect term describing the effect of practice with a Gaussian error structure using the SAS nlmixed procedure (SAS V9. For patients with multiple assessments of HbA 1c levels recorded during each year we used the latest assessment before the quality and outcomes framework reference date. We assessed linear and non-linear functional forms (natural logarithm and exponential functions) for year. To allow for a sudden shift in the rate of change as a result of the introduction of the quality and outcomes framework in addition to annual changes we used an additional variable to indicate whether the quality and outcomes framework was being implemented. The presence of the new quality and outcomes framework diagnostic coding (C10E or C10F hierarchies) were also coded variables to assess the impact of being included in the pay for performance review on glycaemic control. Interaction terms were assessed. We derived the denominator degrees of freedom from the number of practices. Akaike's information criterion was used to determine the best model fit and most appropriate functional form for annual changes. 17 
RESULTS
Overall, 147 of the 300 practices contributing to the DIN-LINK database had usable data over the study period, of which 34 (23%) provided pharmacy dispensing services in addition to primary medical care. The practices employed a mean number of 5.8 general practitioners (SD 2.9) and on 31 March 2007 had a mean list size of 8929 (SD 4147).
Prevalence of diabetes
During the six years of the study period (2002-7) the recorded prevalence of type 1 diabetes remained stable whereas the recorded prevalence of type 2 diabetes increased (fig 1) . The use of specific morbidity codes for type 1 and type 2 diabetes increased over time but remained about two thirds of the total codes for diabetes at the end of the study period.
Changes in quality and outcomes framework indicators over time Improvements in all diabetes indicators were observed over the study period (tables 1 and 2 and fig 2) . The proportion of people with type 1 diabetes attaining process targets was greater than 70% in 2007, with the exception of testing for microalbuminuria. The proportion of people with type 2 diabetes attaining these targets was higher.
The proportion of people attaining intermediate outcomes also improved over time but was lower than that observed for process targets. The proportion of people with type 1 and type 2 diabetes attaining targets for glycaemic control (HbA 1c level ≤7.5% and ≤10%), cholesterol level, and blood pressure showed attenuation of annual trends in improvement after the introduction of the quality and outcomes framework (fig 2) . This effect appeared greater for the proportion of people attaining glycaemic control.
Model results (table 3) showed significant annual increases in the proportion of people attaining targets for HbA 1c levels. Target attainment was significantly higher in those people with a quality and outcomes framework diagnostic Read code (with the exception of people with type 1 diabetes and HbA 1c target ≤10%).
Introduction of the quality and outcomes framework was only significantly associated with an increase in the proportion of people attaining HbA 1c target ≤7.5% in people with type 2 diabetes, and this effect was relatively small. 18 By the end of the study in 2007, attainment of process measures was high. Whether this was a direct result of the quality and outcomes framework or reflects existing trends in improvement of care over time in response to clinical evidence, national guidelines, and other driving factors remains unclear. 10 Significant improvements in clinical intermediate outcome measures (glycaemic control, cholesterol level, and blood pressure) were observed over the study period, with successive improvements being observed before the introduction of the quality and outcomes framework. This could in part be due to awareness among general practitioners of its impending introduction or the influence of national service frameworks in England and Wales and other clinical governance initiatives. After the introduction of the quality and outcomes framework, the trends appear to be attenuated. One study observed a modest acceleration in the improvement of care between 2003 and 2005 compared with 1998 to 2003, which the authors suggested might have been associated with the introduction of pay for performance. 10 In our study, outcomes appeared to improve consistently between 2002 and 2005, with attenuation in observed improvement between 2005 and 2007. This attenuation could reflect the increasing difficulty of target attainment in poorly controlled people because even in conditions of a clinical trial some people are unable to attain long term control. 19 However the attenuation of temporal trends might also reflect the lack of further incentive after attainment of the upper payment thresholds (the ceiling effect). This could suggest that upper thresholds need to be removed or targets made more challenging in line with the evidence base rather than the current alignment with lower audit targets. Both the lower and the upper thresholds were, however, shifted upwards for several intermediate outcomes in 2006, which does not appear to be reflected in subsequent target attainment, suggesting that further changes would require careful evaluation. If the observed ceiling effect does represent the natural equilibrium of current optimal management in primary care, this highlights the remaining gap in treatment and the need for new therapies, improved education, or management strategies.
In 2007 the monitoring and control of glycaemia still seemed suboptimal in some people, with over 10% of people having no record of an HbA 1c level or equivalent in the previous 15 months. Twenty six per cent of people with type 1 diabetes and 17% with type 2 diabetes had an HbA 1c level of more than 10%, and 41% of people with type 2 diabetes and 74% with type 1 diabetes had an HbA 1c level of more than 7.5%. Similarly, nearly a third of patients had evidence of raised blood pressure and over a quarter of patients had raised serum cholesterol levels. The introduction of the quality and outcomes framework seems to be significantly associated with better glycaemic control in people with type 2 diabetes for the more stringent target (HbA 1c level ≤7.5%), although the quality and outcomes framework did not seem to significantly predict attainment of the higher target (HbA 1c level ≤10%), and attenuation in trends was observed for both targets. Since the maximum payment threshold for payment for an HbA 1c target of 7.5% or less is 50%, the quality and outcomes framework seems to offer no further incentive for optimal glycaemic control for many people. However, since attainment was over 60% on average, perhaps greater thought is needed for additional targeting of poorly performing practices as opposed to general interventions or developing and implementing more nuanced indicators. It may be, for example, that introducing a system of tightly linked process measures into the diabetes domain, similar to the system used by the Veterans Administration, 20 could improve care further, although this would require some modification to the information technology infrastructure underpinning the quality and outcomes framework.
We observed substantial variation in the level of glycaemic control attained across practices. For example, the median proportion of people with type 1 diabetes achieving the HbA 1c target of 7.5% or less in 2007 was 25.8% (interquartile range 20.0-32.5%), with one practice reporting that all patients had HbA 1c levels less than or equal to 7.5% and for people with type 2 diabetes the median was 60.1% (55.4-65.5%), with 14 practices reporting that less than half of patients achieved the target and only three practices reporting that over three quarters of patients achieved the target. Characteristics of the patient population in each practice, including prevalence of disease, case mix, and list size have been shown to influence attainment of targets. 21 22 Management may also be affected by the views of patients and healthcare providers. 23 Subgroup analyses of attainment of intermediate outcomes (glycaemic control, cholesterol level, and blood pressure) by patients with or without a Read code meeting the quality and outcomes framework case definition (C10E and C10F) indicate that people included in the quality and outcomes framework denominator, and particularly those with type 2 diabetes, were in general more likely to attain the targets. Our finding that older people, men, and those from affluent backgrounds seem more likely to have a specific C10F hierarchy code and therefore be assessed within the quality and outcomes framework is consistent with others' work on the relation between patients' personal characteristics and attainment of targets, and raises concerns that the quality and outcomes framework may not have been as efficient in reducing inequalities in health in diabetes as was hoped. 22 24 Detailed assessment of Read codes and prescriptions for patients that did not meet the current case definition for the quality and outcomes framework indicates that an important group of people that seem to have diabetes are no longer included within the quality and outcomes framework. Some of these (<7%) may purely have been included in the study definition on the basis of monitoring for suspected diabetes and therefore reasonably not received comprehensive diabetes care, which may contribute to the apparent reduced care in people not meeting the diagnostic case definition of the quality and outcomes framework. An alternative explanation for the apparent reduced level of care in people without C10F codes is the selective exclusion of poorly managed patients by clinicians that might lead to increased income. However such "gaming" was not seen on a wide scale in a recent evaluation of exception reporting in the quality and outcomes framework. 5 Our results indicate that identification of patients using the diagnostic case definition for the quality and outcomes framework (C10E and C10F hierarchy Read codes) artificially decreases the observed prevalence of diabetes, as observed by others. 9 Although standardised coding has increased over time, we observed substantial variation in the use of Read codes across practices. For example, in 2007 the median proportion of people within a practice with type 2 diabetes who had a C10F code was 72.1% (interquartile range 67.1-79.3%). Only three practices had over 90% of people meeting the type 2 case definition of the quality and outcomes framework and four practices had less than 20% of people defined in this manner. In 2007 nearly two thirds of people with type 1 diabetes and a third of people with type 2 diabetes would not be identified using the diagnostic case definition in the quality and outcomes framework. Other studies have also reported similar underestimates of prevalence when only specific diabetes codes are considered. 9 Further standardisation of coding is required if quality of care is to be monitored in an unbiased and effective way. 6 This may require widespread education within primary care before the introduction of new indicators.
Strengths and limitations of the study
The mean prevalence in our study based on the quality and outcomes framework case definition (2.7%, range 0.2-5.1%) was lower than reported nationally by Department of Health systems (3.7%, range 0.0-14.4%), 25 although over 90% of practices included in the quality and outcomes framework reported a prevalence within our observed range. This may in part reflect the under-representation of practices in deprived areas, which tend to have higher proportions of people from ethnic minority groups and hence diabetes, in the database used in this study. [26] [27] [28] The practices included in the (DIN)-LINK database have a similar age-sex structure to that of the UK population but have been shown to over-represent practices in the south of England and higher socioeconomic groups. 15 In addition the practices included in this study (just under 50% of those contributing to the DIN-LINK database) were selected because they had high quality data available over a 10 year period, which allowed us to identify and assess the management of patients over time. These selected practices were spread throughout Great Britain but included a relatively high proportion of dispensing practices. We may anticipate that such practices with capture of higher quality data provide a different level of care, possibly higher, than those that do not meet such criteria. Furthermore, ease of accessibility to dispensing services may mean that some patients seen in our practices might have increased uptake and possibly compliance with therapy.
The prevalence of type 1 diabetes may be viewed as decreasing marginally over time, which could result from more accurate coding in general practitioners' notes, particularly in the case of people with type 2 Years were coded in model as −3 to 2 to indicate their relation to introduction of quality and outcomes framework unless otherwise stated. *Variable not included in final model as non-significant (P>0.05). †Year with an exponential transformation. +Year with log transformation (rescaled years as 1 to 6). Although this rescaled log transformed model had best model fit as judged by Akaike's information criterion, this metric is difficult to interpret practically.
diabetes treated with insulin being more accurately coded as such. Our sensitivity analyses on patients who had C10E and C10F Read codes and met the current case definition for the quality and outcomes framework was based on identification of these Read codes in the study period. Some people with earlier recorded morbidity Read codes may have been missed, but it is standard practice to include a Read code in the electronic record each time a patient is seen. Although the inclusion of people without C10 or the more specific C10E and C10F codes in the analysis might be criticised, other Read codes were more commonly in use in the period before April 2006. Other studies have also used codes such as the diabetes care codes (66A) and prescription information to identify patient cohorts 29 and have noted the inconsistent use of diabetes specific Read codes. 6 As we aimed to assess the management of people with diabetes over time and the impact of the quality and outcomes framework, it was important to avoid spurious trends as a result of changes in diagnostic case definition. 9 We also included people with codes for exception reporting (9h4 codes) as these codes were not in use before April 2005 and so their use would have led to an inaccurate assessment of change in care over the study period. A more inclusive approach considering the entire population of people with diabetes provides a clearer picture of care both before and after the implementation of the quality and outcomes framework.
Conclusions
The management of people with diabetes in the UK has improved since the late 1990s. The relation between incentives and attainment of targets may not, however, be as straightforward as initial reports suggest. Pay for performance may have contributed to the improvement in diabetes care but the relative importance of the quality and outcomes framework to other national quality improvement strategies is unclear. Our work and that of others highlights the potential unintended consequences of the scheme, which include selective inclusion of patients in the scheme through the removal 30 or addition of Read codes, exclusion of patients through exception reporting, 22 and potential threshold effects, all of which require further evaluation. The scheme in its present form fails to capture almost one third of people in whom care may be suboptimal and may even lead to reduced levels of care for some groups of patients.
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WHAT IS ALREADY KNOWN ON THIS TOPIC
Since the introduction of the quality and outcomes framework in the United Kingdom, a series of studies has suggested an improvement in the management of people with diabetes in primary care
It remains unclear to what extent the introduction of incentives has had an impact on existing temporal trends
WHAT THIS STUDY ADDS
Significant improvements in diabetes care were observed from 2002-7, although this does not seem to be a direct result of the quality and outcomes framework
Many people in whom care may be suboptimal do not seem to be captured in the quality and outcomes framework assessment owing to the current diagnostic case definition
